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Abstract 
By the method of sol-gel metallic oxides (SnO2 and TiO2) could be loaded on the surface of granular active carbon. X-ray power 
diffraction (XRD) and scanning electron microscopy (SEM) are used for phase composition and surface properties analysis, 
respectively. Results showed that SnO2 and TiO2 existence in different particle shapes based on their binding characteristic with 
carbonaceous materials. Cyclic voltammetry (CV) conducted in solution of 0.5 mol/L potassium ferricyanide showed that with 
the coverage of metallic oxides on GAC surface, the response current and anodic area would expanded greatly during phenol 
electrooxidation process. Anode extension coefficient of TiO2-GAC and SnO2-GAC are 2.73 and 5.78, respectively. Further 
sdudy of circuit characters of three dimensional electrode reactor for phenol oxidation was conducted by electrochemical 
impedance spectroscopy (EIS). The outcomes showed SnO2-GAC would have an efficient decrease in eletrolyte resistance 
concurrent with a increased property for electricity storage, while TiO2-GAC are mostly focus on the improving for electron 
transferring. Metallic oxide SnO2 and TiO2 would positively influence on anode polarization of carbon-supported three 
dimensional electrode reactor for phenol oxidation.                                                                                                        
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1. Introduction 
Carbon-supported three dimensional electrode reactor have shown marked superiorities in lithium-ion batteries 
[1,2], anion exchange membrane fuel cells (AEMFCs) [3], electrowinning of metals [4,5] and wastewater treatment 
[6,7] for the advantages of its higher current efficiency, lower power consumption, systematic manipulation and 
environmental compatibility. However, for a further utilization of this ternary process in those fields, strong 
motivation remains in the pursuit of the toxicity tolerce anode materials with the properties of a faster eletric 
conductivity, porosity and large anode polarization area. As we all know materials packing as fillings in three 
dimensional electrode reactor could be polarizated as anode in terms of an appropriate surface contact resistance [8-
10]. Toward this intensive researchs have been taken by electrochemical workers. Zhemin Shen [11] loaded metal 
chlorides on activated carbon and found that it would show a significant promote in the sorption and oxidization 
capacity of elemental mercury. X.Y.Wang and Chaofeng Zhang [12, 13] used SnO2-carbon nanotube core-shell as 
anode material for lithium-ion batteries and the results exhibit enhanced electrochemical performance. And they 
confirmed a better eletric conductivity properties and higher porosity after modulating at the same time. From the 
above discussion, a reverse conclusion could also be summarized that researches on carbon loaded materials mostly 
focus on their structure and mechanical integrity, neglected the nature cause of excellent conductivity and greatly 
improved performance of the electrocatalytic oxidation/reduction.  
 
In this paper, we chosed two kinds of metallic oxides materials loaded on granular active carbon, TiO2 and SnO2, 
to study their morphology and electrochemical property in oxidation of phenol in three dimensional electrode 
reactor. As a solid semi-conductor material titanium dioxide has a property of low electrical conductivity and sharp 
valence band which allows light or electricity excitation electrons generating easily [14-17]. Stannic oxide was 
widely used to facilitate electrical conductivity of anode material in lithium-ion batteries [18-20] based on the 
potential advantages of its corrosion resistance and affinity with carbon [21, 22]. The carbon loaded metallic oxides 
materials were prepared by a sol-gel method. Scanning electron microscopy (SEM) and X-ray powder diffraction 
were employed to translate their physical morphology feature and cyclic voltammetry was used to identify their 
electrochemical properties and capacity in phenol oxidation. Also electrochemical impedance spectroscopy was 
used to illustrate equivalent circuit before and after metallic oxides were packed as fillings. Thanks to these 
analytical methods the real anode area and the ratio of anode area between metallic oxides covered and pristine 
carbon could be calculated. Moreover by using ZsimpWin software for the simulation of EIS datas, we could 
quantiative calculate different resistance values of the systems and give an appropriate equivalent circuit. 
2. Experimental 
2.1. Preparation of metallic oxides covered carbon  
GAC used in this study was maken of bamboo and has a secific wight of 0.375 kg/L. Its iodine adsorption value 
is 1000 mg/g with the average particale size is approximately 2-100 nm, accroding to BET method its specific 
surface is 1028m2/g. All granule active carbon was cleaned several times using distilled water until the impurity was 
removed completely, and then divided into three parts. Each parts weight nearly 1.5 Kg. One was directly used for 
cyclic voltammetry and electrochemical impedance spectroscopy, while the other two were used for making metallic 
oxides-loaded granule active carbon then undertake the tests as the uncovered fillings.  
 
Sol-gel method was employed in the synthetize of metallic oxides-GAC. As for TiO2-GAC reagents for the 
preparation of precursor are all analytically pure including ethanol and acetic acid regard as solvent, hydrochloric 
acid used to adjust pH and tetrabutyl titanate which provide titanium oxide. The process include two parts. Solution 
A, pour 35 mL ethanol, 32 mL distilled water and 0.6 mL hydrochloric acid in sequence. Solution B, pour 70 mL 
ethanol, 23 mL acetic acid and 35 mL tetrabutyl titanate (slowly add). Stirring solution A and B equably 20 mins at 
the room temperature. After this pour solution A to B by a separating funnel at a speed of 4 mL/min, keep solution B 
stirring at 500 r/min at the same time. Keep another 20 min stirring after their intensively distribute. Then pour the 
mixture solution onto granule active carbon and try to make them well-distributed. Lay the produce aside for 2days 
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for further affinity. The last step is heat treatment. First put the semi-finished products in a dryer at the temperature 
105 ć heating 7 h and then transfer them into controlled stmosphere furnace for further heating under nitrogen 
protection for 3 h. So far we have successfully got titanium dioxide-loaded granule active carbon. SnO2-GAC 
prepared by using 0.5 M stannic chloride putting 5 mL concentrated hydrochloric acid (ω=98%) dissolved in 
ethanol solvent respectively. Then give a thermal treatment from the temperature 0 to 250 ć for fifty minutes, then 
250 ć to 550 ć period lasting 150 mins, finally burning two and a half hours at 550ć. So as the TiO2-GAC the 
process of thermal treatment are all under nitrogen proction. 
2.2. Structural and electrochemical Characterizations 
X-ray power diffraction BRUKER (D8ADVANCE) using Cu Kα as radiation source was used for identification 
of the phases. Measurements were made at 0.01945 ° intervals of 2θ over the range 20-100 °with a count-time of 0.1 
sec/step. If necessary, large grains or flakes in the metallic oxides power were ground before identification. To keep 
the original structure of the porous of metallic oxides materials for SEM study, the covered carbon were rinsed and 
dried. After this the morphology of the metallic oxides covered GAC was characterized by Scanning electron 
microscopy (Quanta 250). 
 
  Cyclic voltammetry and electrochemical impedance spectroscopy was conducted in the solution of potassium 
ferricyanide 0.5 M and sodium sulfate (ω=3%) complainedible with 400mg/L phenol respectively by using CS350 
electrochemical workstation bought in Wuhan, China. Titanium substrate PbO2 electrode plate with a size of 1×2 
mm as chosen as working electrode, titanium plate 1×2 mm as counter electrode and saturated calomel electrode 
(SCE) was employed as rerference electrode. 
3. Results and discussion  
3.1. XRD and SEM 
Two kinds of metallic oxides loaded carbon were prepared, TiO2-GAC and SnO2-GAC, respectively. Primitive 
















Fig. 1. XRD atlas of GAC, TiO2-GAC and SnO2-GAC 
 
An X-ray patten of the TiO2/GAC is described by Fig. 1. Seen from this figure, we can see that the peak positions 
at 2θ=25.62°, 38.09°, 48.01° associated with lattice planes of (101), (004) and (105), respectively, which are 
accordance to the JCPDS reference files for TiO2 (no. 65-5714). The narrow shapes of these peaks reflect good 
crystallinity of the sample. We can also find that the intensity of carbon obviously decrease compared with that of 
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single carbon material, indicating the TiO2 molecule may permeated in mesoporou or even micropore structures of 
GAC. On the other hand, calculated by using Scherrer’s formula, we obtain the average particle size of TiO2 is 12.6 
nm which confirms these particles are very easily embedded into GAC pores and the figure also shows the 
synthesized TiO2 is in anatase type with a high oxidative ability. From the XRD pattern of SnO2-GAC particle 
stannic oxide grains were verifeied coating on the surface of GAC though diffraction peaks at 2θ= 26.611°, 33.893 °, 
37.949 °, 42.634 ° and so on, supported by the 41-1445# PDF card. Furthermore, all the detected diffraction peaks 
are indexed to tetragonal lattice structure of sigle phase SnO2. References have showed that stannic oxide in 
tetragonal lattice structure would present a high electrocatalytic activity for organic oxidation. Meanwhile, the 
average crystallite size of stannic oxide grain calculated by (110) peak with Scherrer equation is 10.6 nm. The result 
also indicating us the possibility for stannic oxide grain to permeate in pore structures of granular active carbon. 









    
Fig. 2. SEM images of a) pristine GAC; b) SnO2-GAC and c) TiO2-GAC 
 
Fig.2 (a) intuitivelly showed that there are well-distributed sporadic particles covered on the surface of GAC 
forming a smooth shape (not absolutely). Nevertheless, after the intercalating of metallic oxides it became 
irregularity as (b) and (c) showed. Fig.2 (b) showed that the particles of stannic oxide on the surface of actived 
carbon distributed as a ball that independently adhere on the surface, whilst, Fig.2 (c) showed that the particles of 
TiO2 on the surface of actived carbon in the form of aggregates and their surface are irregular. 
3.2. Cyclic voltammetry anslysis 
Cyclic voltammetry (CV) was considered an ideal tool to study organic electrooxidation properties, including 
anodic area and voltammetric charge. Fig.3 was the CV curves in 0.5 M potassium ferricyanide at the scanning 
















Fig. 3. CV curves of different fillings 
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As Fig. 3 showed that three dimension electrodes with different materials as fillings would charge greatly in 
responding current and anode areas. In this study the real anode area was 1×2mm, but not mean the effective area 
because of the concave-convex and nanoscale particles on anodes surface, but a parameter q* Voltammetric charge 
could get rid of the problem of this gap. Base on this theory we could compare voltammetric charges between 
unpacked three dimension electrodes reactor and the packed ones to assess the extension ability of different filling 
materials. The proportion between them we call it the coefficient of anode extension. 
 
Voltammetric charge could be obtained the by the CV curves though the eq.1: 








 ³                          (1) 
Here q* stands for Voltammetric charge, U is potential and i is current, ν is the scanning speed.  
 
By this method we could calculate that the voltammetric charge of unpacked electrode reactor is 0.02635 C. 
While after the packing of filling GAC, TiO2-GAC and SnO2-GAC their voltammetric charge is 0.03431 C, 0.07188 
C and 0.1523 C, respectively. Their anode extension coefficient are 1.3, 2.73 and 5.78. So far the concludes was 
obvious granular active carbon really has the capacity to expand anodic areas [23-25] and metallic oxides loaded on 
granular active carbon would influence this ability greatly. In the cause, metallic oxides loaded GAC would have an 
increased current density and an effective electrochemical oxidation/reduction ability. 
3.3. Electrochemical impedance spectroscopy and equivalent circuit 
Electrochemical impedance spectroscopy (EIS) was emplyed to describe the conduction characteristics 
















Fig. 4. Electrochemical impedance spectroscopy with different fillings 
 
  We can see that granular activated carbon has large resistance as fillings for three dimensional electrodes reactor, 
once covered metallic oxides SnO2 and TiO2 on its surface it conductivity would improve greatly. An equivalent 
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Fig. 5. Equivalent circuit of three dimensional packed bed electrodes reactor 
 
Where Re is the eletrolyte resistance, Cf and Rf are the capacitance and resistance of the surface film formed on 
the electrodes, respectively. Cdl and Rct are the double-layer capacitance and charge-transfer resistance, respectively. 
Cdl1 and Rct1 are for the PbO2/Ti anode, while Cdl2 and Rct2 are for extensional anode. The outcomes of model fitting 
are listed in Tab.1. 
 
Tab.1. Resistance and capacitance Values of a packed three dimensional electrodes reactor in phenol oxidation 
 
Samples Re(ohmcm2) Cf(F/cm2) Rf(ohmcm2) Cdl1(F/cm2) Rct1(ohmcm2) Cdl2(F/cm2) Rct2(ohmcm2) 
GAC 10.34 0.001548 13.79 9.17E-5 408.7 0.02468 761.9 
TiO2-GAC 4.674 1.35E-5 34.51 0.00012 140.6 0.01153 81.4 
SnO2-GAC 4.635 1.55E-7 22.15 0.00012 37.5 0.09778 107.5 
 
Stannic oxide coated on the GAC would effectively decrease eletrolyte resistance because of its remarkable 
electron transfer propeties from 10.34 ohmcm2 for uncovered GAC to 4.635 ohmcm2. In addition it cause an 
increase of double-layer capacitance of both metal anodes from 9.17E-5 F/cm2 to 0.00012 F/cm2 and expanded 
anode from 0.02468 F/cm2 to 0.09778 F/cm2. TiO2-GAC in comparison, make a great contribution to decrease 
eletrolyte resistance from 10.34 ohmcm2 to 4.674 ohmcm2 but correspondly have little help in the improvement of 
ability in electricity storage. 
4. Conclusion 
By the method of sol-gel metallic oxide could be decorated on the surface of granular active carbon. X-ray power 
diffraction (XRD) and scanning electron microscopy (SEM) for surface properties analysis found that existence in 
different particle shapes based on the affinity properties with carbonaceous materials. Cyclic voltammetry (CV) 
conducted in solution of 0.5 M potassium ferricyanide showed that with the coverage of metallic oxide on the 
surface of GAC the phenol oxidized current would be increased and the area of anode expanded greatly. The anode 
extension coefficient of TiO2-GAC and SnO2-GAC are 2.73 and 5.78, respectively. Further sdudy of circule 
characters of three dimensional electrodes for phenol oxidation was conducted by electrochemical impedance 
spectroscopy (EIS). The outcomes showed SnO2-GAC would have an efficient decrease of eletrolyte resistance and 
an increase of electricity storage ability while TiO2-GAC are mostly focus on ability of electrons transfer. Metallic 
oxide SnO2 and TiO2 would positively influence on anode polarization of carbon-supported three dimensional 
electrodes for phenol oxidation. 
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